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ABSTRACT 


The  development  of  an  improved  closure  system  for  the  construc- 
tion of  flexible  engine  containers  in  conjunction  with  the  develop- 
ment of  new  barrier  material?  (PTPT  Report  No.  76-21)  has  been 
completed.  A thorough  study  of  designs,  materials,  and  marufactur- 
ing  processing  was  conducted.  An  extruded  polyurethane  standup 
closure  met  the  requirements  for  efficient  opening  and  closing  and 
providing  a controlled  environment  for  protection  of  military 
hardware  when  installed  on  the  new  improved  flexible  engine 
container  (PTPT  Report  No.  76-21),  Field  tests  are  recommended 
before  approval  of  production  quantities. 
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INTRODUCTION 


The  purpose  of  this  project  was  to  develop  a closure  system  to 
provide  an  efficient  opening  and  closing  device,  easy  and  simple  to 
operate  which  when  installed  on  a ML-C-9959,  "Container,  Shipping 
and  Storage  (Flexible)",  will  provide  a controlled  environment  for 
storage  and  protection  of  military  items. 

This  report  outlines  the  history  of  the  development  program,  the 
deficiencies  in  the  present  state  of  the  art,  closure  designs  and 
evaluations  by  All  American  Engineering  Corporation,  Global  Chemical 
Syst-.ms  Incorporation  development  work,  testing  and  evaluation,  and 
describes  the  successful  completion  of  a satisfactory  closure  system 
with  an  extruded  polyurethane  closure  device. 


DISCUSSION 

The  development  program  was  divided  into  several  work  programs 
as  follows:  Study  of  the  state  of  the  art  and  deficiencies  of  the 

present  closure  systems;  contractual  development  program  with  All 
American  Corporation;  and  the  development  work  by  Global  Chemical 
Systems  Incorporation  under  the  gui  lance  of  AIPEA. 

State  ot  the  Art  and  Deficiencies  in  Present  Closure  Systems. 

Flexible  container:;,  designed  and  fabricated  in  accordance  with 
KIL-C-9959  have  wet  with  unusual  and  utilitarian  success  in  the 
storage  and  environmental  protection  of  many  milicary  items 
(Figure  1).  For  many  items,  it  is  the  most  efficient,  cost-effective 
method  of  preservation  with  the  additional  benefit  of  effective 
handling  and  transporting  techniques.  However,  the  methods  of 
closing  and  opening  (closure  devices)  have  been  limited  to  three 
types  or  methods,  viz,,  (1)  heat  sealing  of  the  plastic-type 
materials  to  soften  and  fuse  the  interface  of  the  material  together 
tc  make  an  effective  seal;  (2)  the  common  slider  fastener  device 
known  as  "zipper",  constructed  of  plastic/rubber-like  materials 
(Figure  2) , and  (3)  metal  interlocking  teeth  in  a plastic  ox  rubber 
strip  or  sheet  (Figure  3). 

The  plastic  fastener  haa  two  edges  designed  to  fit  together  so 
as  to  be  fastened  when  a slider  draws  the  two  edges  together.  The 
edges  remain  together  until  they  are  released  by  drawing  the  slider 
in  the  opposite  direction  over  the  edges.  The  metal  fastener 
operates  oimila.Ly  except  that  the  edges  of  the  plant ic-rubber-1 ike 


FIGURE  3. 
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materials  have  metal  teeth  and  hollows  which  fit  into  each  other 
snugly.  To  insure  a good  water  vapor  seal,  a plastic/rubber-like 
seal  is  provided  as  the  fastener  is  closed.  Adhesives  and  pressure 
sensitive  tapes  have  been  used  in  selected  applications. 

The  heat  sealed  closure  is  deficient  in  that  it  is  limited: 

(1)  by  the  requirement  for  a source  of  heat;  (2)  by  the  number  of 
openings  and  closings  which  is,  in  turn,  dependent  upon  the  amount 
of  material  cllc"'”d  for  successive  "heat  seals";  and  (3)  by  the 
thermoplastic  materials  themselves  that  can  be  softened  by  heat  and 
fused  together  to  make  a seal. 

The  all  plastic  slide  fasteners  have  proven  to  be  difficult  to 
open  and  close  particularly  on  large  items  such  as  flexible  containers 
MIL-C-9959A,  for  aircraft  jet  engines.  It  has  been  found  that  the 
present  design.,  should  have  improved  barrier  qualities  against  water 
vapor.  ^ 

The  metal  fastener  deficiencies  are:  (1)  the  metal  teeth  are 

easily  damaged  in  use  so  as  to  make  the  closure  inoperable  and 
difficult  to  repair  in  the  field;  (2)  the  presently  used  plastic/ 
rubber-like  materials  to  which  the  metal  teeth  are  attached  are  not 
thermoplastic;  thus,  presenting  difficulty  in  fabrication  of  con- 
tainers when  the  heat  sealing  techniques  are  preferred  for  cost 
savings  reasons;  and  (3)  the  presently  available  barrier-type  metal 
type  fastener  is  too  costly  a method  of  closure,  particularly  on 
many  smaller  sized  containers. 

Adhesive  systems  have  been  ruled  out  by  the  more  complicated  and 
costly  fabrication  required.  Pressure-sensitive  tapes  have  not  found 
acceptability  because  of  the  difficulty  in  sealing  surfaces  that 
become  oily,  dirty,  and/or  are  inherentLv  difficult  to  seal. 

Closure  Designs  and  Kvalua t_i ons  . 

A contract,  Development  of  Closure  Devices  for  Flexible  Containers 
was  awarded  to  the  All  American  Engineering  (AAE) , Wilmington, 
Delaware,  30  Jun  1972.  The  contractor,  during  Task  I,  developed 
fifteen  design  considerations  (Figure  4).  Two  designs,  numbers 
seven  and  ten,  were  selected  for  further  study  (Figure  5) . The 
selections  were  based  on  preliminary  Water  Vapor  Transmission  Rate 
(WVTR)  test  results  and  manufacturing  feasibility  (reference  All 
American  Engineering  Report  No.  AF  312).  The  Talon  OFF  Metal  Tooth 
Slide  Closure  was  also  recommended  lor  further  development  subject 
to  the  success  of  the  extruded  polyurethane  designs,  numbers  seven 
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Figure  5.  SELECTED  CLOSURE,  DESIGNS 


and  ten. 


luring  the  Task.  II,  greet  effort  was  made  to  extrud,.  the  two 
seleo.  ed  designs  from  polyurethane.  Unforeseen  technical  dif fi-.ult i”s 
were  encountered  in  extruding  the  polyurethane.  Dimensional  control 
anu  flexibility  of  the  closures  were  the  two  major  deficiencies 
(Figure  6).  The  contractor  failed  to  solve  these  problems,  and  ,_he 
contract  was  terminated. 

Concurrent  with  this  c.-r  tract,  development  and  investigation  was 
conducted  into  closure  devices  oy  the  Minigrip  Corporal1 on,  Orange- 
burg, New  York  (Figure  7).  Minigrip  closure  designs  and  one  of  the 
selected  closure  designs  of  AAE  Corporation  were  very  •'  imilar 
(Figure  8) . Minigrip  Corporation  had  perfected  the  ex  rusion  of 
several  plastic  materials,  hue  not  polyurethane.  AAE  jid  conauct 
WVTR  tests  on  the  several  of  the  Minigrip  plastic  extrusions  and 
reported  the  results  in  their  Report  AF-320.  The  WVTR  of  the 
closures  did  meet  the  requirements  for  flexible  containers,  MIL  C-9959. 
However.  Minigrip  and  AAE  were  not  interested  in  developing  the 
techniques  fer  extruding  polyurethane  minigrip  type  closures  which 
would  be  acceptable  for  MIL-C-9959  containers.  They  believed  that 
the  technical  difficulties  were  too  great  to  be  overcome. 

Global  Chemical  Systems  Incor pora ted  Development  W ork . 

The  Global  Chemical  Systems  Corporation  approached  the  AFFEA  or. 
their  polyurethane  covers  for  aircraft  jet  engines  and  helicopter 
covers.  They  indicated  that  they  were  interested  in  upgrading  their 
barrier  materials  and  closure  devices  to  meet  the  A ’ r Force  require- 
ments of  flexible  containers,  MIL-C-995?.  AFPEA  presented  the 
potentials  of  polyurethane/saran  composite  films,  and  the  extruded 
polyurethane  minigrip  closure  designs 

The  Global  Chemical  Systems  made  arrangements  with  the  Minig^ip 
Corporation  for  the  use  of  their  equipment  and  facilities  for 
development  of  pol/v.rethane  Minigrip  designed  closures.  After  several 
months  of  effort  a three  track  "l&vflat"  (Figure  9)  end  a two  track 
'‘.stand-up"  (Figure  10)  closure  designs  were  perfected.  Figure  11 
shows  a Global  Flexible  Container,  TF  3A-GE-10Q,  with  a three  track 
"layflat"  closure  device.  Figure  12  anc  13  shows  the  two  track 
"stand-up"  closure  installed  in  a "'-100  engine  container.  The  two 
track  "stand-up"  closure  was  selected  for  use  in  flexible  containers 
because  of  the  ease  of  opening  ai;o  closing  pressure  without  the 
necessity  of  a special  tool.  Finger  p essure  s sufficient  to  close 
the  closure  device. 


Figure  6. 


evolution  of  closure  extrusions  showing 
dimensional  control  problems -aae  REPORT  320 
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Figure  7.  MINIGRIP  CLOSURE  EXTRUDED  OF  CHLORINATED 
POLYETHYLENE  AAE  CO  Pi’.  REPORT  320 
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TYPICAL  HINIGRIP  CLOSURE  DESIGN 


AAE  no  CLOSURE  DESIGN 


Figure  8 
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F 1 pure*  n.  Cl  OS  E-UP  VIEW  WITH  Cl.OSURK 
DEVICE  PARTI A1  I.Y  OPEN 
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TESTING  AND  EVALUATION 


Table  I shows  the  results  of  WVTR  tests  on  one  cubic  foot  test 
containers.  The  evaluation  of  the  WVTR  effectiveness  of  the  closure 
devices  was  conducted  according  to  a modified  Method  3030  of  Federal 
Test  Method  Standard  101B,  which  is  described  in  the  Appendix  of 
PTPT  Report  76-21,  "The  Development  of  Barrier  Materials  For  Flexible 
Aircraft  Engine  Containers".  The  Global  one  cubic  foot  container 
with  the  24"  length  closure  had  a WVTR  approximately  equivalent  to 
the  DuPont  #264-3-1  cubic  f container  without  a closure  device 
(difference  of  0.01  grams/100  sq.  in./24  hrs.).  Since  a 2'  x 2'  x 5' 
container  made  from  DuPont  #264-3-1  barrier  material  with  a Talon 
metal  tooth  closure  gave  over  one  year  protection  (did  not  reach  40% 
RH)  outside  at  Eglln  AFB , FL  (AAE  Report  AF-275-A)  without  redesicca- 
tion, it  can  be  safely  assumed  that  a flexible  container  constructed 
of  Global  #4051  barrier,  and  the  extruded  polyurethane  closure  should 
exhibit  approximately  the  same  protection  under  similar  conditions. 

Figure  14  shows  the  WVTR  testing  device  of  a one  cubic  foot  test 
container  with  24"  length  closure  device  mounted  on  a test  fixture 
placed  in  an  environmental  chamber. 

The  data  in  Table  II  further  confirms  that  a flexible  container 
manufactured  from  Global  barrier  material  #4051  and  the  extruded 
polyurethane  closure  device  will  meet  the  specific  protection  period 
of  i^ne  year  without  redesiccation  as  required  by  MTL-C-9959,  Type  1 
container.  This  table  shows  the  results  of  a simulated  test  using 
10%  of  the  desiccant  required  for  a one  year  protection  period.  The 
container  reached  31%  at  the  end  of  37  days  (approximately  10%  of 
364  days) . This  is  equivalent  to  more  than  a one  year  protection 
period  (10  x 37  days  ■ 370  days). 

By  projecting  the  time  to  reach  40%  RH  from  the  31%  RH,  the  test 
container  would  require  a total  of  60  days.  This  indicates  that  a 
container  with  100%  of  the  desiccant  required  by  MIL-C-9959,  Type  1 
container  will  give  over  1-1/2  year  specific  protection  period. 
Further  testing  is  being  conducted  to  confirm  these  projections. 

It  should  be  noted  that  a containei  with  no  cloture  device  (heat 
sealed)  will  give  an  estimated  2-1/2  year  protection  period.  This 
indicates  that  the  newly  developed  closure  device,  although  superior 
to  previous  closure  devices,  does  allcv  moisture  vapor  into  the 
container. 
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The  ease  of  opening  and  closing  was  checked  out  on  sections  of 
extruded  closure  devices,  and  an  aircraft  engine  cover  TF-30-GE-100 
provided  by  Global  Chemical  Systems  Corporation.  The  closure 
devices  were  easily  opened  and  closed  at  room  temperature.  The 
container  was  placed  in  a cold  chamber  at  32°F.  After  24  hours,  the 
container  closure  device  was  opened  a.id  closed  with  moderate  effort. 
At  0°F,  the  closure  device  became  more  rigid,  and  difficult  to  open 
and  close.  At  -32°F,  the  closure  was  not  operable;  however,  the 
closure  did  nor  fracture  upon  bending.  These  results  were 
considered  acceptable  (PTPT  Report  No.  76-21). 

The  Global  Chemical  Systems  will  certify  that  the  closure  meets 
all  other  physical  property  requirements  of  MIL-C-9959  including  the 
resistance  to  aging,  light,  synthetic  lubricating  fluids  and 
petroleum  products. 

Twenty  prototype  flexible  containers  designed  according  to 
Global  Drawing  Code  Identification  No.  5403,  "Envelope,  Engine 
Protective  Outline  and  Mounting",  for  F-100  engine  (Figure  15)  have 
been  procured  and  are  to  be  used  for  field  test  and  evaluation. 

The  First  Article  fit  and  function  test  was  conducted  at  Pratt 
& Whitney  Aircraft  Corporation,  Hartford,  Connecticut.  The  assembly 
of  the  flexible  container  to  the  F-100  engine  was  performed  easily, 
and  the  closure  device  was  closed  by  finger  pressure  without 
auxiliary  tools.  The  performance  of  the  container  through  the  First 
Article  fit  and  function  test  was  satisfactory,  and  the  test 
indicated  that  in  field  use  the  container  should  perform  excellently. 

Figure  16  shows  the  F-100  engine  (without  cover)  that  was  used 
during  First  Article  fit  n.’  function  test.  Figure  17  shows  the  top 
half  of  the  container  installed.  Figure  18  shows  the  container/ 
engine  assembly  mounted  on  4-wheel  trailer  ready  for  transportation/ 
storage.  Figures  12  and  13  are  close-ups  of  the  closure  device. 

The  straps,  with  snap  fasteners,  for  reinforcement  betv een  the  two 
halves  of  the  container  should  be  noted. 


CONCLUSIONS 

The  purpose  of  this  project,  to  develop  a closure  system  for 
MiL-C-9959,  "Container,  Shipping  and  Storage  (Flexible)",  that 
would  be  easy  and  simple  to  operate  and  would  maintain  a controlled 
environment  for  storage  and  protection  of  military  items  lias  been 
accomplished.  The  Global  Chemical  Systems  Corporation  extruded 
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polyurethane  "stand-up"  closure  device  meets  the  requirements  for 
easily  installing  and  removing  flexible  containers  from  aircraft  jet 
engines.  Field  testing  will  complete  the  evaluation  program. 


RE  CCMMENDAJ IONS 

It  is  recommended  that  field  tests  and  evaluation  be  conducted 
on  the  Global  closure  device  installed  on  the  20  prototype  J-100 
flexible  engine  containers  procured  from  Global  Chemical 
Supply  Corporation  using  barrier  material,  Global  #4051,  in  conjunc- 
tion with  the  field  tests  at>  recommended  in  PTPT  Report  No.  76-21, 
"Th«.  development  of  Barrier  Materials  For  Flexible  Aircraft  Engine 
Containers". 

It  is  recommended  that  the  requiremen  * for  closure  devices  in 
KIL-C-S959  be  revised  to  specify  the  improved  characteristics  of 
the  newly  developed  closure  device. 


72 


DISTRIBUTION  LIST 


HQ  USAF/LGTN  1 

Defense  Documentation  Center  12 

Tobyhanni  Army  Depot/AMSTO-T  1 

AFSC/SUP  1 

OO-ALC/DSTC  2 

OC-ALC/DSP  2 

SA-ALC/D3P  2 

SM-ALC/DSP  2 

WR-ALC/DSP  2 

JNPTC,  Aberdeen  Proving  Grounds,  Mi)  21005  2 

AFALD/PT  1 

AFALD/PTPT  10 

AFALU/PTP  Library  30 

Naval  Supply  Systems,  Code  0321B,  Wash  DC  02376  1 

Naval  Log  Kngrg  Grp,  Cheatham  Annex,  Williamsburg,  VA  1 

Naval  Ship  R&D  Ctr,  Code  2841,  Annapolis,  -ii)  21402  1 

HQ  US  Army  Aviation  Systems  Command 

DRSAV-EFS,  P.O.  Box  209,  3t.  Louis,  MO  63166  2 

Naval  Air  Engineering  Center  (ES3D) 

Code  93,  Lakehursi  , NJ  2 


23 


security  cuss**-  >c atiom  or  t 


REPORT  DOCUMENTATION  PAGE 


RE PORT  NUMHf  R 

PTPT  Repor t No.  7* -37  ^ [ 

TITLE  ( mrd  Submit} 


irp  RKAD  INSTRUCTIONS 

'UC  BF.r-'OKF  COMPLFTJNC  FORM 


GOVT  ACCESSION  NO-  * RfflPltNT^  CATALOG  NUMUFN 


S type  Of  SEPOPT  S PF.RIOO  COVER*  i 


I 


Tli-‘  Development  of  Closure  Devices  For 
Flexible  Containers 


PAUL  BOBBINS 

PE  R- ORMi'mcToRG  aTTTTaTIOnT  NAME  InO  ADDRESS 


AFALD/PTPT 
WPAFB,  Oil  4 5433 


6 PCPf  ORMINC.  ORG  REPOR"  NUHAt11 

PTPT  Report  No.  76-37 

A CONTRACT  OR  GRANT  numBEHG.'j 


10  PROGRAM  CLEMENT.  PROJECT,  T *> 
AREA  a WORN  'J  N I T N UM  Oil  RS 


1 AFPKA  Pro  ject  No.  75-P7-30 


controlling  office  name  and  address 

? REPORT  DATE 

November  1976 

[ ' 1 NUMBCR  OF  » *GEb 

5 

> 

3 

o 

4> 

4> 

LJ 

28 

MONITORING  AGENCY  NAME  A AOOHt  jSf.f  ditterant  from  Controlling  Jtlica) 

StejM'  Y CLASS.  ( of  ihl*  r*pi>*n 

UNCLASSIFIED 

1 lm  O *L  as  siei  cation  OOWNGHAOinG 

S',  h F O'J  L F. 

«6  distribution  st atcmen  r rot  tbi»  F+pnrt) 

DISTRIBUTION  LIMITED  TO  U.S.  Government  agencies  only;  7>57~  F" 
evaluation  of  military  hardwaie,  Othci  , -N 

requests  lor  this  document  must  be  referred  to  AFALD/PTP , 

Wright -Patterson  AFB , Ohio  45'.33. 

■’7  DISTRIBUTION  STATEMENT  at  Ih*  mhatrmr  r *n  >ared  In  Bloch  JO,  II  dHtwrrnt  (fnm  Keport' 


18  SllPPl  fUFNTARY  NOTES 


I H WORDS  > Cn'>l  Inn*  n rovm  r««  m'd*  II  nmc  + wttarv  and  ld*r>'  tv  by  bln  vh 


Container 

FI  ex  ih  lc  Cent  t .iner 

Water  Vapnr  Transmission  Rate 

WVTK 


l?0  ABSTRACT  'CrtMflnue  < 


■ (itfriA  wfrf*  It  n»rm*taiy  and  M.»r»l 


Polyurethane 
Barrier  Materials 
F-100  ling t no  Container 
Packaging 

v-  Met  fc  nifTTb^t) 


7 i p p e r 

Closure-  Dovii.t- 
i' las  Liu  Fxtrus 


l"  The  development  of  an  improved  closure  system  for  the  construction  ot  I.  lexi 
engine  containers  in  conjunction  wi  ll  the  development  of  now  barrio’-  materia  h 
(PTTt  Report  No.  76-21)  has  been  completed.  A thorough  study  of  designs, 
materials,  and  manufacturing  processing  was  conducted.  An  extrudeu  pu ly u r c t **>■ 
stand-up  closure  net  the  requl rsmen ts  fur  efficient  opening  and  closing  and 
providing  a controlled  environment  for  protection  nt  military  hardware  when 
installed  on  the  new  imp' roved  flexible  engine  container  ( I’T’P  1 Report  No  7 6-21.) 
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